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(54) PRINTER 

(57) An image forming device capable of detecting 
the presence/ absence of ink as well as whether an ink 
tank is mounted. A detachable ink tank 32 on a carriage 
31 includes a prism 32C, and a reflective optical sensor 
33 detects the presence/absence of ink depending on 
the difference in refractive index between the two states, 
that is, filled with ink and empty. A reflector lever 35, 
movable in response to the ink tank 32 being mounted 
or not, is provided on the bottom of an ink tank holder 



34. The reflector lever 35 has one end fixed on a lower 
part of the ink tank and the other end that is a free end 
consisting of a triangular reflector 35D. The reflector le- 
ver 35 is normally urged upward by a resilient member 
35A, and it will not direct the reflection toward the sensor 
33 in the absence of the ink tank whereas it is deformed 
in the presence/absence of the ink tank to direct the re- 
flection toward the sensor 33. As a result, the presence/ 
absence of the ink tank is detected. 
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Description 

Technical Field 

[0001] The present Invention relates to a method for 
detecting, In an ink-jet image forming device, the pres- 
ence/absence of ink in a detachable ink tank that has 
paths through which ink is supplied to ink-jet nozzles 
and for detecting the presence/ absence of the ink tank. 

Background Art 

[0002] In accordance with a conventional ink-jet print 
method, an image may be formed by ejecting ink on an 
on-demand basis. Print images have changed from 
monochromatic images to color images and, as color 
printing becomes more popular, a lot of image forming 
devices have detachably structured ink tanks, each for 
cyan, magenta, yellow, light cyan, light magenta, light 
yellow and black. Ink in those colors is stored in separate 
ink tanks. In general, an ink container that may be de- 
tachably mounted on an ink-jet head with ink jet nozzles 
provided thereon is called an ink tank, while a unit inte- 
grally composed of a head with an ink container is called 
an ink cartridge. In this specification, they are both called 
ink tanks. 

[0003] Ink in those ink tanks is consumed differently 
and, the user must individually exchange exhausted ink 
tanks or replenish an exhausted ink tank through a path. 
[0004] Japanese Patent Laid-Open Publication No. 
Hei 8-1 08543 and Japanese Patent Laid-Open Publica- 
tion No. Hei 9-226149 disclose a technique wherein an 
optical reflector prism located at the bottom of an ink 
tank is combined with a reflective optical sensor to 
sense the ink. 

[0005] With reference to FIGS. 1 (a) - 1 (d), the princi- 
ple of an ink sensing operation performed by the com- 
bination of the reflector prism and the reflective optical 
sensor will be described. 

[0006] When a prism -structured ink sensor window is 
observed with a reflective optical sensor 33 composed 
of an emitter 21 and a receiver 22 of an infrared ray, the 
light from the emitter 21 does not reach the receiver 22 
as shown in FIG. 1 (a) if no object is present. Also, when 
a non-prism-structured object 23 is in the sensing posi- 
tion of the optical reflective sensor as shown in FIG. 1 
(b), the light from the emitter 21 does not reach the re- 
ceiver 22 either. In addition, when liquid (ink) is present 
in the prism-structured part as shown in FIG. 1(c), the 
incident ray is refracted at the interface because of a 
refractive index between the prism -structured member 
(glass, polypropylene, etc.) and the liquid. At this time, 
the refractive index is represented by n (a~>p) = sin oJ 
sin p(>1), where a is the incident angle and p is the re- 
fractive angle. As disclosed in Japanese Patent Laid- 
Open Publication No. Hei 7-1 64626, the refractive index 
(n) of air with respect to Ideal gas is represented as n = 
about 1.0, the refractive index (n) of ink as n = about 



1 .4, and the refractive index (n) of polypropylene as n = 
about 1 .5. Therefore, the polypropylene to ink refractive 
Index n (poly -* ink) = 1 .4/1 .5 =0.93 « sin 68° /sin 90°, 
and polypropylene to air refractive index n (poly -» air) 

5 = 1 .0/1.5 %0.67 =sin 42° /sin 90°. 

[0007] This means that, when the polypropylene-to- 
irtk incident angle is 68° , the refractive angle is 90°, that 
is, the incident ray is refracted in the direction of the in- 
terface vector at the Interface between two objects (this 

10 incident angle is called the critical angle) and that, when 
the incident angle a>68°, the incident ray makes a total 
internal reflection. 

[0008] This also means that, when the polypropylene- 
to-air incident angle is 42°, the refractive angle is 90°, 

*5 that is, the incident ray is refracted in the direction of the 
interface vector at the interface between two objects and 
that, when the incident angle a>42° (critical angle), the 
incident ray makes a total internal reflection. 
[0009] Based on this principle, creating a prism-struc- 

20 tured polypropylene ink tank container, whose incident 
angle of the infrared ray from the emitter 21 is 42° < a 
< 68°, and installing the container as described above 
causes the light to refract when ink is present, and caus- 
es the light to make a total internal reflection when no 

25 ink is present. Therefore, when no ink is present in the 
prism-structured part as shown in FIG. 1(d), that is, 
when air is present there, a total internal reflection oc- 
curs and light from the emitter 21 reaches the receiver 
22 to indicate that no ink is present. 

30 [0010] However, when no ink tank is present on the 
holder (FIG. 1 (a)), the same result is obtained as when 
an ink tank fully filled with ink is installed (FIG. 1(c)). 
Therefore, if no measure is taken, there is a possibility 
that, when no ink tank is present, the sensor senses that 

35 ink is present and, as a result, printing is done with no 
ink supplied to the print head (nozzles). This could dam- 
age the nozzles of the recording head of an ink-jet image 
forming device because of overheating, causing prob- 
lems such as a head damage. 

40 [0011] In view, of the foregoing, it is an object of the 
present invention to provide an image forming device 
capable of detecting the presence/absence of ink, as 
well as whether an ink tank is mounted. 

45 Disclosure of invention 

[0012] An image forming device according to the 
present invention for forming an image with an ink jet 
method comprises an ink tank detachable on a carriage; 

so a prism disposed in the ink tank, the prism being covered 
with ink when the tank is filled with ink and being ex- 
posed when the tank is empty; an optical ink sensor that 
has a light emitter for projecting light onto the prism and 
a light receiver for receiving a reflected light of the pro- 

55 jected light to detect a presence/absence of ink in the 
ink tank; and a reflector movable between a first position 
and a second position according to whether or not the 
ink tank is installed on the carriage, wherein the reflec- 
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tor, in the second position with the ink tank installed, re- 
flects the light from the optical ink sensor back to the 
optical ink sensor and wherein the reflector, In the first 
position with no ink tank installed, does not return the 
light from the optical ink sensor back to the light receiver. 
[0013] This allows an image forming device to detect 
the presence/absence of ink reliably, as well as a state 
regarding whether an ink tank is mounted. 
[001 4] The reflector comprises, with respect to the op- 
tical ink sensor, a reflective surface similar in function to 
the prism, and the optical ink sensor is used both to de- 
tect the presence/ absence of ink and to detect the pres- 
ence/absence of the ink tank. This configuration reduc- 
es the number of required parts. 
[0015] The image forming device may further com- 
prise an optical ink tank sensor for detecting a presence/ 
absence of the ink tank such that separate sensors are 
used to detect the presence/ absence of the ink and the 
presence/absence of the ink tank, the optical ink tank 
sensor including a light emitter for projecting light onto 
the reflector and a light receiver for receiving a reflected 
light of the projected light. 

[0016] The configuration eliminates the need for the 
relative movement of the sensor with respect to the ink 
tank, allowing both ink and the ink tank to be detected 
at the same time. Providing separate sensors, one for 
each detection, increases freedom in the reflector con- 
figuration. 

[001 7] More specifically, the carriage may include an 
ink tank holder for holding the ink tank and a resilient 
member normally urging the movable reflector in one 
direction for placing the reflector in the first position, one 
end of the reflector being supported on the ink tank hold- 
er such that when the ink tank is installed in the ink tank 
holder, the reflector is pressed down against a resilient 
power of the resilient member to place the reflector in 
the second position. 

[0018] The use of the resilient member enables the 
reflector position to be changed and, at the same time, 
allows the ink tank in the ink tank holder more securely. 
[0019] The reflector may have a part with the same 
material and the same structure as those of the prism 
installed on an inside bottom of the ink tank. 
[0020] The resilient member may be a plate spring 
formed by using a part of the reflector. Of course, a 
spring separate from the reflector may also be used. 
[0021] The prism may be constructed and placed 
such that, a ridge line of the prism is parallel with a scan- 
ning direction of the carriage and when the ink in the ink 
tank reaches at least near an empty state, an interface 
between the ink and air moves on the ridge as the ink 
decreases. This allows the amount of ink to be detected. 
[0022] Another image forming device according to the 
present invention for forming an image with an ink jet 
method comprises an ink tank detachable on a carriage; 
a prism disposed in the ink tank, the prism being covered 
with ink when the tank is filled with ink and being ex- 
posed when the tank is empty; an optical ink sensor that 



has a light emitter for projecting light onto the prism and 
a light receiver for receiving a reflected light of the pro- 
jected light to detect a presence/absence of ink in the 
ink tank; a reflector provided on an outer surface of the 
5 ink tank; and an optical ink tank sensor that has a light 
emitter for projecting light onto the reflector and a light 
receiver for receiving a reflected light of the projected 
light to detect a presence/absence of the ink tank, 
wherein the reflector, with the ink tank installed, reflects 
10 the light from the optical ink tank sensor back to the op- 
tical ink tank sensor and wherein the reflector, with no 
ink tank installed, does not return the light from the op- 
tical ink tank sensor back to the light receiver. 
[0023] This is a case wherein the reflector is provided 
is on the ink tank itself. This reflector may record thereon 
information of individual ink tanks that are readable by 
the optical ink tank sensor. 



Brief Description of Drawings 

20 

[0024] 

FIGS. 1(a)-(d) are diagrams showing the principle 
of ink detection with a combination of a light reflec- 
ts tive prism and a reflective optical sensor; 

FIG. 2 is a diagram showing the general configura- 
tion of a carriage and its associated components of 
the image forming device shown in FIG. 3; 
FIG. 3 is a block diagram showing the general con- 
30 figuration of an image forming device in an embod- 
iment of the present invention; 
FIG. 4 is a diagram showing the configuration of an 
ink tank 32 and an ink tank holder 34 for detecting 
ink and an ink tank in the embodiment of the present 
35 invention; 

FIG. 5 is a side view viewed from arrow A in FIG. 4; 
FIGS. 6(a)-(c) are a top view (a) and a front view 

(b) of the reflector lever 35 in FIG. 5 and a side view 

(c) of another configuration example of the reflector 
40 lever 35; 

FIGS. 7(a), 7(b), and 7(c) are diagrams showing the 
output of ink detection and ink tank detection in the 
embodiment of the present invention; 
FIGS. 8(a), 8(b), and 8(c) are diagrams showingthe 

45 use of a single optical ink sensor 33 in the embod- 
iment of the present invention; 
FIGS. 9(a) and (b) are diagrams showing a config- 
uration example of a reflector lever 50 that is a mod- 
ification of the reflector lever 35 in the embodiment 

50 of the present invention; 

FIG. 1 0 is a block diagram showing the general con- 
figuration of an image forming device in a second 
embodiment of the present invention; 
FIG. 11 is a general configuration diagram showing 

55 a carriage and its associated components in the 
embodiment shown in FIG. 10; 
FIG. 12 is a diagram showing the configuration of 
ink and ink tank sensor in the embodiment shown 
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in FIG. 10; 

FIG. 13 is a side view viewed from arrow A in FIG. 
11; 

FIG. 1 4 is a diagram showing a configuration exam- 
ple of a reflector sensor 16 corresponding to the 
configuration shown in FIG. 13; 
FIGS. 15(a) and (b) are diagrams showing an mod- 
ification of the reflector lever in the embodiment 
shown in FIG. 10; 

FIG. 1 6 is a diagram showing a configuration exam- 
ple of an ink tank holder using the reflector lever 
shown in FIG. 15; 

FIG. 1 7 is a diagram showing a configuration exam- 
ple of the reflector according to the present inven- 
tion; 

FIG. 18 is a diagram showing the configuration of a 
prism and the configuration of a sensor for detecting 
the presence/ absence of ink according to the 
present invention; 

FIG. 19 is a side view viewed from arrow A in FIG. 
18; and 

FIGS. 20(a) and (b) are a diagram (a) and its side 
view (b) showing the configuration of a sensor cor- 
responding to the configuration shown in FIG. 18 

Best Mode for Carrying Out the Invention 

[0025] Some preferred embodiments of the present 
invention will be described in detail below with reference 
to the attached drawings. It is to be understood that the 
embodiments are shown and described as examples 
and that various modifications or changes may be 
made. 

[0026] In the description below, it is assumed that an 
ink sensor window is prism-structured and that an opti- 
cal reflective sensor for monitoring this part is a prism- 
compatible reflective optical sensor; 
[0027] FIG. 2 is a general configuration diagram 
showing the carriage and associated components of this 
image forming device. 

[0028] The image forming device comprises a car- 
riage 31 capable of moving in a direction perpendicular 
to the media transport direction. This carriage 31 carries 
a plurality of ink tanks 32 thereon each having ink paths 
through which ink is supplied to the ink-jet nozzles. Each 
ink tank 32 has an ink sensor prism-structured window 
(that will be described below) according to the present 
invention. The relative movement of an optical ink sen- 
sor 33 in a direction relative to the ink sensor prism- 
structured windows of the ink tanks 32 is controlled by 
the carriage 31 . 

[0029] FIG. 2 shows an example of the configuration 
of the carriage 31 having an additional black ink tank 
provided, and offset in the media transport direction, to 
increase the print speed in black ink. However, this con- 
figuration is neither essential nor important in the 
present invention. To allow all ink tanks 32 to share the 
sensor 22, it is preferable that, for the additional black 



ink tank, the positions of a prism and the sensor window 
that will be described below be offset so that those po- 
sitions are different from those of other ink tanks. 
[0030] FIG. 3 is a block diagram showing the general 

5 configuration of the image forming device in this embod- 
iment. The image forming device comprises a central 
processing unit (CPU) 1 , a temporary storage device 
(RAM) 2 in which various types of data or parameters 
are temporarily stored, a read-only non-volatile memory 

io (ROM) 3 in which control programs corresponding to 
various operation modes and various types of fixed data 
are stored, an interface 4 that provides an interface with 
an external host unit 19, an image processor 5 that proc- 
esses image data sent from the host unit 1 9 via the in- 

15 terface 4, and a jet controller 6 that controls ink to be 
ejected from an ink jet head 7 under control of the CPU 
1 in response to print data received from the image proc- 
essor 5. The image forming device further comprises a 
linear scale 13 that defines the individual reference dot 

20 positions in the carriage scanning direction, a linear 
scale encoder 12 that works with the linear scale, a me- 
dia transport motor 9 that transports media such as pa- 
per, a media transport motor controller 8 that controls 
the motor under control of the CPU 1 , a carriage motor 

25 1 1 that causes the carriage to scan, and a carriage mo- 
tor controller 1 0 that controls this motor under control of 
the CPU 1. 

[0031] The image forming device in this embodiment 
further comprises the optical ink sensor 33, a prism 15, 

30 and a reflector 1 7. Preferably, the prism 1 5 is integrated 
in the ink tank 32. In this embodiment, light projection 
onto, and light reception from, the reflector 17 is per- 
formed by the optical ink sensor 33. 
[0032] Although the linear scale 13 and the linear 

35 scale encoder 1 2 are used in this embodiment as means 
for sensing the amount of moving of the carriage 31 , a 
rotary scale installed on a motor shaft driving the car- 
riage 31 and a rotary encoder may also be used to im- 
plement this means. Alternatively, when a stepping mo- 

40 tor is used, th is means may be implemented by counting 
the pulses of the stepping motor driving signal. In this 
embodiment, the position and speed of the carriage 31 
is sensed by the linear scale encoder 1 2 installed on the 
carriage 31 , and the relative movement amount or the 

45 absolute position of the carriage 31 is sensed by the 
count of the output pulses from the linear scale encoder 
12. In addition, the presence/absence of ink in the ink 
tank is detected by controlling the operation of the car- 
riage 31 and by scanning the prism in the ink tank 32 on 

50 the carriage with the use of the optical Ink sensor 33. As 
will be described below, the reflector 17 provided near 
the prism constitutes a part of means for detecting 
whether or not the ink tank 32 is on the carriage 31 . 
[0033] FIG. 4 shows an example of the configuration 

55 of the ink tank 32 and an ink tank holder 34 that are used 
in this embodiment to detect the presence/absence of 
ink and the presence/absence of an ink tank. 
[0034] Installing the ink tank 32 in the ink tank holder 
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34 causes a positioning hole 34B on the ink tank holder 
34 to be engaged with a projection 32B on the ink tank 
and, at the same time, a lock 34A of the ink tank holder 
34 to be engaged with a pawl 32A of the ink tank 32, 
setting the ink tank 32 in position in the Ink tank holder 
34. 

[0035] A reflector lever 35 (corresponding to the re- 
flector 1 7 shown in FIG. 3) Is provided on the Inside bot- 
tom of the ink tank holder 34. As shown in FIG. 5 show- 
ing the part indicated by arrow A in FIG. 4, the reflector 
lever 35 is supported on the wall of the Ink tank holder 
34 so that, with one end 35E being as a supporting point, 
a free end that is the other end may rock. Also, an ink 
jet head 34D is provided on the outside bottom of the 
ink tank holder 34. This ink jet head 34D is engaged with 
an ink tank connector 32D of the ink tank 32 to receive 
the ink supply. About half of the ink tank 32 to which ink 
tank connector 32D belongs is padded with a sponge- 
like ink absorbing member. 

[0036] FIGS. 6(a) and 6(b) are the top view and the 
front view of the reflector lever 35, respectively. As indi- 
cated most clearly in FIG. 6(a), a reflector window 35B 
is provided about the center of the reflector lever 35. The 
light emitted by the optical ink sensor 33 reaches a prism 
32C of the ink tank 32 via a sensor wi ndow 34C provided 
on the bottom of the ink tank holder and via the reflector 
window 35B and, then, the reflected light is received by 
the optical ink sensor 33 via the reflector window 35B 
and the sensor window 34C. This configuration allows 
the presence/absence of ink to be detected according 
to the principle described above. The free end of the re- 
flector lever 35 is normally urged upward at its bottom 
by a resilient member 35A. The free end of the reflector 
lever 35 is projected outward from the ink tank to form 
a triangular reflector 35D whose cross section looks like 
a cone. This conical shape matches the conical shape 
of a prism 32C, When the optical ink sensor 33 is imme- 
diately below the triangular reflector 35D, the light from 
the light emitter of the optical ink sensor 33 is reflected 
on the slope of the reflector lever 35 and is directed in 
the direction different from the direction in which the light 
is received (see FIG. 8(c)). Installing the ink tank 32 in 
position in the ink tank holder 34 causes the reflector 
lever 35 to be pressed downward against the resilient 
member 35A. This puts the triangular reflector 35D of 
the reflector lever 35 in a state equivalent, on an optical 
and positional basis, to that of the prism 32C, causing 
the light from the emitter 21 of the sensor 33 to be re- 
flected twice to allow the receiver 22 to receive the light 
and thus making it possible to detect the presence of 
the ink tank 32 (see FIG. 8(b)). 
[0037] With reference to FIGS. 7(a), 7(b), and 7(c), 
the ink detection output and the inktank detection output 
will be described. As shown in FIG. 7(a), when detecting 
the presence/ absence of ink, the output of the receiver 
22 is "H" if ink is present and is "L" if no ink is present. 
Also, as shown in FIG. 7(b), when detecting the ink tank, 
the output of the receiver 22 is "L" if an in k tank is present 



and is "IT if no ink tank is present. Therefore, the com- 
bination of both outputs is as shown in FIG. 7(c). That 
Is, if an ink tank with Ink is installed, the ink detection 
output and the ink tank detection output are "IT and "L", 

5 respectively. Also, if an ink tank with no ink is installed, 
the outputs are "L" and "L", respectively and, if the Ink 
tank is not installed, the outputs are "H" and "IT, respec- 
tively. In this way, the states may be determined by two- 
bit data. This configuration allows the presence/ab- 

10 sence of ink to be detected reliably according to the out- 
puts of the sensor. As a result, an alarm may be issued 
to the user as necessary. 

[0038] As shown in FIGS. 8(a), 8(b), and 8(c), a single 
optical ink sensor 33 is fixed at a predetermined position 

is on the carriage movement path. Sequentially opposing 
the sensor window 34C and the triangular reflector 35D 
of the ink tanks 32, one at a time, against the light emit- 
ting-and-receiving surface of the optical ink sensor 33 
allows the presence/absence of the ink tank 32 on the 

20 carriage 31 and the presence/absence of ink to be de- 
tected. Because the current position of the carriage 31 
is known from the output of the linear scale encoder (12 
in FIG. 3) and because the positions of each ink tank 32 
on the carriage 31 and each triangular reflector 35D are 

25 also known in advance, where the carriage 31 should 
be positioned for detection may be identified in advance. 
[0039] FIGS. 9(a) and 9(b) show a configuration ex- 
ample of a reflector lever 50 that is a modification of the 
reflector lever 35. This reflector lever 50 does not require 

30 the resilient member 35A that is an additional compo- 
nent. Instead, this reflector uses a part thereof as a re- 
silient member (plate spring) 50C. The shape and the 
material of the resilient member 50C of the reflector le- 
ver determine the reaction force of this resilient member 

35 50C. An SUS plate with a high reflection factor, if used 
as the material of the reflector lever 50, as well as a 
spring SUS material that is a resilient member, would 
make the reflector lever more slim and compact. Of 
course, surface processing such as plating increases 

40 the reflection factor. As shown in the side view in FIG. 
6(c), a reflector lever with the same material and with 
the same structure as those of the prism on the inside 
bottom of the ink tank may also be used. 
[0040] Next, FIG. 10 is a block diagram showing the 

45 general configuration of an image forming device in a 
second embodiment of the present Invention. The same 
reference numerals shown in FIG. 3 represent the same 
structural elements. The configuration is almost similar 
to that shown in FIG. 3 but is different from the first em- 

so bodiment in that a dedicated optical sensor 1 6 is provid- 
ed for the reflector 1 7. The output of the reflector sensor 
16 is identified by the CPU 1 . This configuration makes 
it possible in this embodiment to detect the presence/ 
absence of the ink tank 32 and the presence/absence 

55 of ink at the same time. Detecting them with separate 
sensors increases the freedom in the configuration of 
the reflector. 

[0041] FIG. 11 is a diagram showing the general con- 
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figuration of a carriage and associated components in 
the second embodiment. In this example, the optical ink 
sensor 33 and the reflector sensor 1 6 are fixed opposite 
to the carriage 31 in the image forming device as shown 
in the diagram. 5 
[0042] FIG. 1 2 shows theconf iguration of this embod- 
iment for detecting ink and an ink tank. The figure shows 
the section of an ink tank 32 viewed from arrow C in FIG. 
1 1 . In the example in the figure, an optical ink sensor 33 
is provided in front of, and adjacent to, the reflector sen- 
sor 1 6. As shown in FIG. 1 3 that is a section view show- 
ing a part of FIG. 1 2 viewed from arrow A, the reflector 
lever 35 does not have a triangular reflector 35D (FIG. 
5) included in the configuration shown in FIG. 5. Instead, 
as shown in FIG. 1 4, the light is reflected on the flat part 
of the surface of the reflector lever 35. To be compatible 
with this configuration, the optical axes of the light emit- 
ter and the light receiver are tilted toward the center 
(This is the structure of a general reflective sensor hav- 
ing a certain focal length). In this state, the light received 
from the light emitter of the reflector sensor 1 6 via the 
sensor window 34C is reflected on the surface of the 
reflector lever 35, and the reflected light is directed in a 
direction different from the direction in which the light is 
received, if the ink tank 32 is set in position in the ink 
tank holder 34, the reflector lever 35 is pressed down- 
ward against the force of the resilient member 35A. This 
makes the light emitting/receiving surface of the reflec- 
tor sensor 6 almost parallel with the reflector lever 35, 
enabling the installation of the ink tank 32 to be detected. 
At the same time, the optical ink sensor 33 enables the 
presence/absence of ink to be detected via the prism 
32C. 

[0043] Like the configuration in the first embodiment 
shown in FIGS. 9(a) and 9(b), a part of the reflector lever 
50 may be used also in the second embodiment to con- 
figure a resilient member 50C as shown in FIGS. 1 5(a) 
and 15(b). 

[0044] As shown in FIG. 1 6, the reflector lever 50 may 
also be at a position 90° different in the rocking axis di- 
rection from that of the reflector lever in the example 
given above (for example, FIG. 4 or FIG. 5). That is, the 
reflector lever 50 may be extended from the supporting 
point in the direction indicated by arrow A. 
[0045] FIG. 1 7 is a still another configuration example 
of the reflector. In this example, the reflector is provided 
on the ink tank 32 itself. That is, a reflective seal 32E is 
attached near the prism 32C in the ink tank 32 to allow 
the reflector sensor 16 shown in FIG. 14 to detect the 
seal. In this configuration, the reflective seal 32E may 
have an information recording function such as a bar 
code. By scanning this bar code with the use of the sen- 
sor 16, the color of the ink tank 32 may be Identified. In 
addition, additional information such as individual infor- 
mation may be read. 

[0046] The method described above, which has the 
ability to detect the presence/absence of ink and an ink 
tank as well as the ability to read information on each 



ink tank and color identification information, gives better 
and more efficient determination results. 
[0047] Although the ridge line of the prism is perpen- 
dicular to the carriage scanning direction in the above 
embodiment, the ridge line of the prism may be in the 
same direction as the carriage scanning direction and 
the sensor may be placed accordingly as proposed by 
the present applicant in Japanese Patent Application 
No. Hel 10-296148. Such an example is shown in FIG. 

18. Also, the side view of the configuration in FIG. 18, 
viewed from the direction of arrow A, is shown in FIG. 

1 9. In this example, the ridge line of the prism 32C is in 
the same direction as the carriage scanning direction 
and, in addition, the ridge line of the prism is long and 
is inclined (6 in FIG. 19) to the horizontal plane (bottom 
of the ink holder). As the carriage scans, the sensor win- 
dow 34C of the ink tank holder 34 is scanned in the 
lengthwise direction of the prism. As this scan is made, 
it is assumed that the distance between the optical ink 
sensor 33 and the prism 32C varies only within the de- 
tection effective range. Then, by detecting a change in 
the output level of the sensor 33 or by calculating the 
position of the ink surface that forms the interface be- 
tween the prism with an inclination of an angle (G) by 
using the linear scale encoder described above, not only 
the presence/absence of ink in the ink tank 32 but also 
a change in the amount of ink may be checked. 
[0048] As shown in the front view in FIG. 20(a) and in 
the side view in FIG. 20(b), the sensor 33 may have a 
contact-sliding, partially-movable detection mechanism 
on the inclined bottom of the ink tank 32 such that the 
distance between the optical ink sensor 33 and the 
prism 32C remains unchanged. To implement this 
mechanism, the optical ink sensor 33 is supported by a 
resilient member and has a member that contacts the 
bottom of the ink tank 32 for keeping a predetermined 
amount of space against the sensor surface. 

[0049] While the preferred embodiments of the 
present invention have been described, various modifi- 
cation and changes are possible. For example, although 
the prism and the ink tank are integrated into one in the 
embodiments, a prism and an ink tank, which are sep- 
arate, may be connected. 



[0050] The present invention is applicable to the de- 
sign and manufacturing of an image forming device 
such as an ink jet printer and a plotter. The present in- 
vention provides an easy method for detecting the pres- 
ence/absence of ink using a refraction determined by 
ink and the material of the prism in an ink tank and for 
detecting an ink tank on the carriage by using a reflector 
near the prism, thus preventing an ink detection error 
which would occur when the ink tank is removed. In ad- 
dition, a very simple structure of the ink tank increases 
the inktank detection function and reliability. In addition, 
a reflective plate where information is recorded, if pro- 
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vided on the ink tank itself, allows the ink tank to be iden- 
tified and prevents the ink tank from being installed im- 
properly. 



Claims 

1 . An image forming device for forming an image with 
an ink jet method, comprising: 

an ink tank detachable on a carriage; 
a prism disposed in the ink tank, said prism be- 
ing covered with ink when the tank Is filled with 
ink and being exposed when the tank is empty; 
an optical ink sensor that has a light emitter for 
projecting light onto said prism and a light re- 
ceiver for receiving a reflected light of the pro- 
jected light to detect a presence/absence of ink 
in said ink tank; and 

a reflector movable between a first position and 
a second position according to whether or not 
said ink tank is installed on said carriage, 

wherein said reflector, in the second position 
with the ink tank installed, reflects the light from said 
optical ink sensor back to said optical ink sensor 
and wherein said reflector, in the first position with 
no ink tank installed, does not return the light from 
said optical ink sensor back to said light receiver. 

2. The image forming device according to claim 1 , 
wherein said reflector comprises, with respect to 
said optical ink sensor, a reflective surface similar 
in function to said prism and wherein said optical 
ink sensor is used both to detect the presence/ab- 
sence of ink and to detect the presence/absence of 
said ink tank. 

3. The image forming device, further comprising an 
optical ink tank sensor for detecting a presence/ ab- 
sence of the ink tank such that separate sensors 
are used to detect the presence/absence of the ink 
and the presence/absence of the ink tank, said op- 
tical ink tank sensor including a light emitter for pro- 
jecting light onto the reflector and a light receiver for 
receiving a reflected light of the projected light. 

4. The image forming device according to claim 1 , 2, 
or 3, wherein said carriage includes an ink tank 
holder for holding the ink tank and a resilient mem- 
ber normally urging said movable reflector in one 
direction for placing said reflector in said first posi- 
tion, one end of said reflector being supported on 
said ink tank holder, and wherein, when said ink 
tank is installed in said ink tank holder, said reflector 
is pressed down against a resilient power of said 
resilient member to place said reflector in said sec- 
ond position. 



5. The image forming device according to one of 
claims 1 -4, wherein said reflector has a part with the 
same material and the same structure as those of 
said prism installed on an inside bottom of said ink 

5 tank. 

6. The image forming device according to claim 4 
wherein said resilient member is a plate spring 
formed by using a part of said reflector. 

10 

7. The image forming device according to claim 2 
wherein said prism is constructed and placed such 
that, a ridge line of said prism is parallel with a scan- 
ning direction of said carriage and when the ink in 

15 said ink tank reaches at least near an empty state, 
an interface between the ink and air moves on said 
ridge as the Ink decreases. 

8. An image forming for device for forming an image 
20 with an ink jet method, comprising: 

an ink tank detachable on a carriage; 

a prism disposed in the ink tank, said prism be- . 

ing covered with ink when the tank is filled with 

25 ink and being exposed when the tank is empty; 

an optical ink sensor that has a light emitter for 
projecting light onto said prism and a light re- 
ceiver for receiving a reflected light of the pro- 
jected light to detect a presence/absence of ink 

so in said ink tank; 

a reflector provided on an outer surface of said 
ink tank; and 

an optical ink tank sensor that has a light emit- 
ter for projecting light onto said reflector and a 
35 light receiver for receiving a reflected light of the 

projected light to detect a presence/absence of 
said ink tank; 

wherein said reflector, with the ink tank in- 
40 stalled, reflects the light from said optical ink tank 
sensor back to said optical ink tank sensor and 
wherein said reflector, with no ink tank installed, 
does not return the light from said optical ink tank 
sensor back to said light receiver. 

45 

9. The image forming device according to claim 8, 
wherein said reflector has information recorded on 
the inktankfor individual inktanks, said information 
being readable by said optical ink tank sensor. 

50 

10. A method for detecting a presence/absence of ink 
in an ink tank of an image forming device which 
forms an image with an Inkjet method, said method 
comprising the steps of: 

55 

projecting light onto a prism for obtaining a first 
detection signal according to whether or not a 
reflected light is present, said prism being dis- 
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posed in an ink tank detachable on a carriage, 
said prism being covered with ink when the ink 
tank Is filled with ink and being exposed when 
the ink tank is empty; 

projecting light onto a reflector for obtaining a s 
second detection signal according to whether 
or not a reflected light is present, said reflector 
being movable between a first position and a 
second position according to whether or not 
said Ink tank is installed on said carriage; and 10 
based on said first and second detection sig- 
nals, detecting the presence/absence of said 
ink tank on the carriage and the presence/ab- 
sence of the ink in said ink tank. 

15 
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